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(54) PERMANENT MAGNET MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a cogging torque 
and eliminate vibration noise by a method wherein, in 
each pole of a permanent magnet, one of the layers of 
the permanent magnet is used as a reference layer and 
the same sides of the parts of the punched permanent 
magnet holes of the reference layer and the other layer 
are formed at positions shifted from each other by a 
specific angle. 

SOLUTION: Permanent magnets 5 and 6 are provided in 
a rotor 1 while they are divided into two or more layers 
in the respective pole parts. In each pole part, one of the 
layers of the permanent magnet is used as a reference 
layer and the same sides of the parts of the punched 
permanent magnet holes 3, 4 of the reference layer and 
the other layer are formed at positions shifted from each 
other by an angle G determined by a formula: 9=360/Ns 
x (n+i/Nm), 0<9<360/(2P). In this formula, Ns denotes 
the number of stator slots, Nm denotes the number of 
layers of the permanent magnet in one pole parts, P 

denotes the number of poles, (i) denotes an integer from 1 to Nm-1 and (n) denotes an arbitrary 
integer. For instance, if each permanent magnet of a permanent magnet motor is divided into 
two layers in one pole part, the relative positions between the stator teeth and the respective 
layers of the permanent magnet are opposite to each other, so that a cogging torque can be 
reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The same part side which the permanent magnet was divided into the interior of a 
rotor per pole radial more than the bilayer, and has been arranged in the permanent magnet 
motor which has two or more permanent magnets, and faced the Rota front face of the punching 
hole for permanent magnets of the layer and other layers on the basis of a certain layer on each 
pole is theta=360/Nsx (n+i/Nm), respectively. 
0< theta<360/(2P) 

( — however, for the number of stator slots, and Nm, the number of layers of the permanent 
magnet per pole and P are [ Ns / the integers from 1 to Nm-1 and n of a pole and i ] the 
integers of arbitration.) — permanent magnet motor characterized by being in the location where 
only the include angle theta determined shifted. 

[Claim 2] The permanent magnet motor according to claim 1 which is the radii configuration 
whose permanent magnet is a convex at the inside. 

[Claim 3] The permanent magnet motor according to claim 2 which has the radii core of a 
permanent magnet of being located in the Rota periphery side in the Rota inner circumference 
side on each pole from the radii core of a permanent magnet of being located in the Rota inner 
circumference side. 

[Claim 4] The permanent magnet motor according to claim 1 whose permanent magnet is a rare 
earth magnet. 

[Claim 5] The same part side which the permanent magnet was divided into the interior of a 
rotor per pole radial more than the bilayer, and has been arranged in the permanent magnet 
motor which has two or more permanent magnets, and faced the Rota front face of the punching 
hole for permanent magnets of the pole and other poles on the basis of a certain pole is 
delta=360/Nsx (n+j/P) between mutual poles. 
360(k/Ns-1 /P) < delta<360 (k/Ns+1 /P) 

( — however, the integer and n as which one k is chosen [ Ns / a pole and j ] for the number of 
stator slots and P to j to the integers from 1 to P-1 from 1 before P-1 corresponding to 1 are 
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the integer of arbitration.) — permanent magnet motor characterized by being in the location 
where only the determined include angle delta shifted. 

[Claim 6] The permanent magnet motor according to claim 5 which is the radii configuration 
whose permanent magnet is a convex at the inside. 

[Claim 7] The permanent magnet motor according to claim 5 whose permanent magnet is a rare 
earth magnet. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention uses effectively not only the torque by the permanent 
magnet but reluctance torque, and relates to the permanent magnet motor which realizes a well 
head. 
[0002] 

[Description of the Prior Art] By dividing a permanent magnet more than a bilayer and arranging 
it from before to radial per pole, inside a rotor in the permanent magnet motor which has two or 
more permanent magnets at least, reluctance torque was used effectively and there was a 
permanent magnet motor which realizes a well head. Drawin g 9 -1 1 are the permanent magnet 
motor which writers invented. The rotor core 101 consists of what carried out the laminating of 
the rotor core sheet which comes to pierce high permeability material, such as iron, or a 
magnetic steel sheet. There are punching holes 102 and 103 for permanent magnets in this rotor 
core 101, and per pole, permanent magnets 104 and 105 are divided into radial more than a 
bilayer, and are laid under it, respectively. Such Rota 106 is held by the rivet pin 108 etc. while it 
forms an end plate 107 for the rotor core 101 which laid permanent magnets 104 and 105 
underground at both sides. A stator 109 has two or more teeth 1 1 1 held in York 110 and this 
York 110. The coil 1 13 is given to the slot 112 between teeth 111. The current controlled by the 
switching circuit etc. flows to a coil 113, the stator 109 interior is made to generate rotating 
magnetic field, and Rota 106 rotates focusing on a shaft 1 14 by rotating magnetic field with this. 
[0003] For a certain reason, a permanent magnet can do magnetic paths, such as the magnetic 
path Pa 1 between permanent magnets 104 and 105, and the magnetic path Pa 2 of the rotor 
core section by the side of the Rota periphery of a permanent magnet 105, more than a bilayer 
per pole. Since there is this magnetic path, by advancing the phase of a current, it combines with 
the torque by the permanent magnet, and reluctance torque can also be used. Since reluctance 
torque will serve as max if 45 degrees of current phases are advanced by the electrical angle, a 
current phase is the progress direction and comprehensive torque serves as max between 0 
degree and 45 degrees by the electrical angle. Therefore, input reduction can be aimed at and 
effectiveness improves. 

[0004] Moreover, since a permanent magnet is laid under the Rota section incore, magnet 
scattering prevention tubing is unnecessary, there is no loss by the eddy current generated 
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inside magnet scattering prevention tubing, and much more efficient-ization can be attained by 
the ability of the mechanical air gap between Rota 106 and a stator 109 to be made small. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned conventional example 
had the following faults. 

[0006] Depending on arrangement of a permanent magnet, magnetic paths Pa1 and Pa2 are 
closed by physical relationship with stator teeth, and magnetic flux stops being able to flow 
easily. Moreover, on each poles, if the physical relationship of a permanent magnet and stator 
teeth is in agreement, the time of magnetic flux tending to flow depending on the location of 
Rota and the time when magnetic flux cannot flow easily can be performed. The physical 
relationship of the teeth 1 1 1 of the permanent magnet 105 and stator 109 when carrying out 
minute include-angle rotation of Rota is shown in drawing 1 1 . Since every pole is the same, this 
physical relationship is shown in drawing by one pole, (a) — 3.75 degrees rotates at a time 
counterclockwise with ->(b) ->(c) -> (d), and it returns to the physical relationship of (a) again. 
Thereby, cogging occurs every 1 5 degrees. It moves from the magnetic flux which came out from 
permanent magnet 104 front face to stator teeth as it is through a magnetic path Pa 1 in part, 
and the remainder passes along a permanent magnet 105 and it moves from it to stator teeth. 
Since the Rota magnetic flux can be drawn near to the Rota hand of cut while Rota is rotating, 
when all the physical relationship of the edges 104a and 105a by the side of the hand-of-cut 
advance by the side of the Rota periphery of a permanent magnet 104,105 and teeth 111 is in 
agreement (i.e., when in agreement with the multiple of spacing of teeth 111), cogging torque and 
a torque ripple increase. 

[0007] In the case of drawing 9 , it is theta= 15 degrees and is in agreement with spacing of the 
teeth 111 of a stator 109. 

[0008] Therefore, it had the fault that vibration and the noise became large on a front face as 
compared with the permanent magnet motor which has arranged the permanent magnet. 
[0009] 

[Means for Solving the Problem] A side with the same part which this invention was divided into 
the interior of a rotor per pole radial in the permanent magnet motor which has two or more 
permanent magnets at least more than the bilayer in order to solve the above-mentioned 
technical problem, the permanent magnet has been arranged, and faced the Rota front face of 
the punching hole for permanent magnets of the layer and other layers on the basis of a certain 
layer on each pole is theta=360/Nsx (n+i/Nm), respectively. 
0< theta<360/(2P) 

However, for the number of stator slots, and Nm, the number of layers of the permanent magnet 
per pole and P are [ Ns / the integers from 1 to Nm-1 and n of a pole and i ] the integers of 
arbitration. It is set as the location where only the include angle theta come out of and 
determined shifted. 
[0010] 

[Embodiment of the Invention] For invention according to claim 1, the same part side which the 
permanent magnet was divided into the interior of a rotor per pole radial more than the bilayer, 
and has been arranged in the permanent magnet motor which has two or more permanent 
magnets at least, and faced the Rota front face of the punching hole for permanent magnets of 
the layer and other layers on the basis of a certain layer on each pole is theta=360/Nsx 
(n+i/Nm), respectively. 
0< theta<360/(2P) 

( — however, in the number of stator slots, and Nm, a pole and i make it as the integers from 1 
to Nm-1, and n makes the integer of arbitration the number of layers of the permanent magnet 
per pole, and P for Ns.) — it is determined and is set as the location where only three include 
angles shifted. 

[001 1] Since relation with stator teeth changes with each layers the same part side which faced 
the Rota front face of the punching hole for permanent magnets on each pole by the above- 
mentioned configuration, in the permanent magnet motor by which the permanent magnet was 
divided into two-layer per pole, the relation to an opposite phase with stator teeth becomes, and 
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cogging torque is reduced. 

[0012] Moreover, while making a permanent magnet into the radii configuration which is a convex 
inside and enabling it to take large permanent magnet surface area, and as magnetic flux 
concentrates on the magnetic pole core on the front face of Rota, it acquires higher torque. 
[0013] Moreover, on each pole, since the large surface area of the permanent magnet located in 
the Rota periphery side as is in the Rota inner circumference side is taken and he is trying for 
magnetic flux to concentrate on the magnetic pole core on the front face of Rota from the radii 
core of a permanent magnet that the radii core of a permanent magnet of being located in the 
Rota periphery side is located in the Rota inner circumference side, higher torque is acquired. 
[0014] Moreover, since high torque and a high increase in power are made possible by using a 
permanent magnet as a rare earth magnet and the big amount of magnetic flux can be realized in 
the small amount of magnets, a degree of freedom is made to the configuration of the punching 
hole for permanent magnets, and the width of face of selection of the value of theta can be 
expanded. 

[0015] The same part side which the permanent magnet was divided into the interior of a rotor 
per pole radial more than the bilayer, and has been arranged in the permanent magnet motor 
which has two or more permanent magnets further at least, and faced the Rota front face of the 
punching hole for permanent magnets of the pole and other poles on the basis of a certain pole 
is delta=360/Nsx (n+j/P) between mutual poles. 
360(k/Ns-1/P) < delta<360 (k/Ns+1/P) 

( — however, the integer and n as which k is chosen [ Ns / a pole and j ] for the number of 
stator slots and P to j from 1 before P-1 corresponding to 1 to 1 are taken as the integer of 
arbitration to the integers from 1 to P-1.) — it is set as the location where only the shown 
include angle delta shifted. 

[0016] Since relation with stator teeth changes with each poles in each class the same part side 
which faced the Rota front face of the punching hole for permanent magnets, for example, since 
every 90 degrees each of four kinds of relation with stator teeth shift and it exists in 4 pole 
permanent magnet motor by the above-mentioned configuration, torque pulsation is equalized 
and cogging torque is reduced. 
[0017] 

[Example] Hereafter, the example of this invention is explained in detail. 

[0018] (Example 1) One example of this invention is explained, referring to drawin g 1 - drawin g 
3 . 

[0019] The rotor core 2 of Rota 1 consists of what carried out the laminating of the rotor core 
sheet which comes to pierce high permeability material, such as iron, or a magnetic steel sheet 
in drawing 1 . There are punching holes 3 and 4 for permanent magnets in the rotor core 2, and it 
has few clearances in said punching hole, and per pole, permanent magnets 5 and 6 are divided 
into radial more than a bilayer, and are laid under it, respectively. Rota 1 forms an end plate (not 
shown) in the both sides of the rotor core 2 which laid permanent magnets 5 and 6 underground, 
and holds it by the rivet pin (not shown) etc. A stator 7 consists of two or more teeth 9 held in 
York 8 and this York 8. The coil 1 1 is given to the slot 10 between teeth 9. The current 
controlled by the switching circuit etc. flows to a coil 11, the stator 7 interior is made to 
generate rotating magnetic field, and this rotates Rota 1 focusing on a shaft (not shown). 
[0020] For a certain reason, a permanent magnet can do magnetic paths, such as the magnetic 
path Pa 1 between permanent magnets 5 and 6, and the magnetic path Pa 2 of the rotor core 
section by the side of the Rota periphery of a permanent magnet 6, more than a bilayer per pole. 
Since there is this magnetic path, by advancing the phase of a current, it combines with the 
torque by the permanent magnet, and reluctance torque can also be used. Since reluctance 
torque will serve as max if it is advanced the current phase of 45 degrees, comprehensive torque 
serves as max between 0 degree and 45 degrees. Therefore, input reduction can be aimed at and 
effectiveness improves. Moreover, since it is the radii configuration whose permanent magnet is 
a convex at the Rota inner circumference side, magnetic flux can concentrate on the pole core 
on the front face of Rota, and high torque can be generated. 

[0021] Furthermore, on each pole, the include angle theta between the sides 5a and 6a with the 
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same part which faced the Rota front face of a permanent magnet becomes 22.5 degrees, as a 
result of calculating by having applied to theta=360 / Nsx (n+i/Nm) as Ns=24, n= 1, i= 1, and 
Nm=2. 

[0022] The physical relationship of the permanent magnets 5 and 6 and Teeth 9a, 9b, and 9c 
when carrying out minute rotation of Rota is shown in drawing 2 . In (a), there is a permanent 
magnet 5 in the middle of Teeth 9b and 9c, and a permanent magnet 6 exists in teeth 9a and the 
location which counters mostly. In (b), the physical relationship of a permanent magnet 5 and 
teeth 9c is in the physical relationship and the opposite phase of a permanent magnet 6 and 
teeth 9a, and since the direction which a suction force commits is mutually opposite, a suction 
force, i.e., rotation unevenness, decreases as a whole. Moreover, in (c), it is the same as that of 
the location of (a), and is the same as that of the location of (b) in (d). Therefore, compared with 
the conventional permanent magnet motor, rotation unevenness decreased and cogging torque 
was reduced by 2 by about 1/. Drawing 3 shows the cogging torque wave of elegance, and the 
cogging torque wave of the permanent magnet motor in this example conventionally. 
[0023] In addition, P= 4, Ns=24, and the value that theta at the time of Nm=2 can take are shown 
in (Table 1). In consideration of magnetic thickness etc., the any value which can be 
constitutionally taken out of (Table 1 ) is employable. The value which theta at the time of P= 4, 
Ns=24, and Nm=3 can take similarly was shown in (Table 2). What is necessary is just to choose 
the any value of each line [ respectively / (Table 2) ] in each class. The value to which similarly 
theta at the time of P= 6, Ns=18, and Nm=4 can take P= 2, Ns=12, and the value that theta at 
the time of Nm=3 can take to (Table 3) is shown in (Table 4). 
[0024] 

[Table 1] 

P = 4 Ns = 24 Nm = 2 



I i=l 


7.5 


22.5 


37.5 | 


[0025] 
[Table 2] 

P=4 Ns=24 


Nib = 3 




I i = l 


5 


20 


35 




10 


25 


40 


[0026] 

[Table 3] 
P=2 Ns=12 


Nm = 3 




i = l 


10 


40 


70 


i = 2 


20 


50 


80 



[0027] 

[Table 4] 
P=6 Ns = 18 Nn = 2 



i=l 


5 


25 


i = 2 


10 


30 


i = 3 


15 


35 



[0028] (Example 2) Other examples of this invention are explained using drawing 4 . 

[0029] Since it is the same as that of an example 1 , an operation of a configuration of being 

shown in drawing 4 is omitted. Permanent magnets 25 and 26 are laid under a part of punching 

holes 23 and 24 for permanent magnets in this example. The both sides of a permanent magnet 

come to fill up non-magnetic material, such as an air space or resin. The include angle theta 

between the sides 25a and 26a with the same part which faced the Rota front face of a 

permanent magnet on each pole at this time becomes 22.5 degrees as a result of calculating by 

having applied to theta=360 / Nsx (n+i/Nm) as Ns=24, n= 1, i= 1, and Nm=2. 

[0030] In this example, the permanent magnet does not serve as a radii configuration, the case 

where a rare earth magnet is used for this — the amount of a permanent magnet — it can 
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decrease — moreover, tabular manufacture — cost reduction can be measured by considering 
as an easy configuration. Moreover, since the big amount of magnetic flux is realizable in the 
small amount of magnets, a degree of freedom is made to the configuration of the punching hole 
for permanent magnets, and the width of face of selection of the value of theta according to 
claim 1 spreads. 

[0031] (Example 3) Other examples of this invention are explained using drawing 5 . 
[0032] Since the operation of a configuration is the same as that of an example 1 in drawing 5 , 
it omits. In this example, the radii core of a permanent magnet 6 of being located in the Rota 
periphery side is in the Rota inner circumference side on each pole from the radii core of a 
permanent magnet 5 of being located in the Rota inner circumference side. Higher torque is 
acquired, in order that this may take the large surface area of the permanent magnet located in 
the Rota periphery side and magnetic flux may concentrate on the magnetic pole core on the 
front face of Rota. Moreover, the large space surrounded between the permanent magnet 42 by 
the side of the Rota periphery and the rotor core front face can be taken, and the hole 12 for 
rivet pins can be established in the location concerned. By this configuration, the reinforcement 
of the steel plate section between a permanent magnet hole end face and the Rota front face 
can be reinforced. 

[0033] (Example 4) Other examples of this invention are explained using drawing 6 - drawing 8 . 
[0034] Since it is the same as that of an example 1, a configuration is omitted, being certain — a 
pole — criteria — ** — carrying out — the — a pole — others — a pole — Rota — a 
periphery — a side — being located — a permanent magnet — six — A — six — B — six — C 

— six — D — Rota — a front face — having faced — a part — being the same — a side — six 

— A — ' — six — B — ' — six — C — ' — six — D — ' — between mutual poles — 
delta=360-/Nsx (n+j/P) 

360(k/Ns-1 /P) < delta<360 (k/Ns+1 /P) 

It is set as the location where only the include angle delta come out of and determined shifted. 
[0035] However, the integer and n as which k is chosen [ Ns / a pole and j ] for the number of 
stator slots and P to j from 1 before P-1 corresponding to 1 to 1 are taken as the integer of 
arbitration to the integers from 1 to P-1. 

[0036] In this example, the result calculated by having applied to delta= 360-/Nsx (n+j/P) is as 
follows. 

[0037] delta1=15x(5+2/4) =82.5delta2=15x(1 1+3/4) =1 76.25delta3=1 5x(1 7+1/4) =258.75 — in 
addition about the sequence of j of j/P, it is arbitrary. 

[0038] The enlarged drawing of the part which faced the Rota front face of the permanent 
magnet located in the Rota periphery side of each pole in the location of a certain Rota is shown 
in drawing 7 . (a) shows physical relationship (permanent magnet 6D and teeth 9d). (b) shows the 
physical relationship of permanent magnet 6B and teeth 9b. (c) shows the physical relationship 
of permanent magnet 6C and teeth 9c. (d) shows the physical relationship of permanent magnet 
6A and teeth 9a. Putting on the location of a certain Rota, all the physical relationship of the 
part which faced the Rota front face of the permanent magnet located in the Rota periphery side 
of each pole, and stator teeth differs. If 3.75 degrees of Rota rotate, the physical relationship of 
the part which faced the Rota front face of the permanent magnet located in the Rota periphery 
side of each pole, and stator teeth will become being the same as that of it which shows drawing 
7 . Therefore, since the same physical relationship appears every 3.75 degrees, cogging torque 
and a torque ripple are reduced. Drawing 8 is a graph which shows the cogging torque wave of 
the conventional permanent magnet motor, and the cogging torque wave of the permanent 
magnet motor in this example. Compared with cogging of the conventional permanent magnet 
motor, 2 decreased by about 1/. 

[0039] In addition, in this example, although the include angle of a side with the same part which 
faced the Rota front face of the punching hole for permanent magnets located in the Rota 
periphery side was specified, the same effectiveness is acquired by specifying similarly also 
about the punching hole for permanent magnets located in the Rota inner circumference side. 
[0040] In addition, the value which delta delta=delta-360 k/P at the time of P= 4 and Ns=24 can 
take is shown in (Table 5). However, the value of k takes the values from 1 to P-1 corresponding 
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to the value of j. What is necessary is just to choose the any value of each line [ respectively / 

(Table 5) ] on each pole. In consideration of the thickness of this magnet etc., the combination of 

any value which can be constitutionally taken out of (Table 5) is employable. The value to which 

similarly delta at the time of P= 6 and Ns=18 can take the value which delta at the time of P= 2 

and Ns=12 can take to (Table 6) is shown in (Table 7). 

[0041] 

[Table 5] 
P=4 Ns = 24 



j = l 


3. 75 


18. 75 


33. 75 


48.75 


63. 75 


78. 75 


i=2 


7.5 


22.5 


37.5 


52.5 


67.5 


82.5 


I i=3 


11. 25 


26.25 


41.25 


56. 25 


71. 25 


86.25 



[0042] 
[Table 6] 

P=2 Ns = 12 

I i = l I 15 j 45 | 75 | 



[0043] 

[Table 7] 
P=6 Ns=18 



j=l 


3.33 


23. 33 


43. 33 


j = 2 


6.67 


26. 67 


46.67 


j = 3 


10 


30 


50 


i=4 


13. 33 


33. 33 


53.33 


f = 5 


16. 67 


36.67 


56. 67 



[0044] In addition, it does not pass over what was shown in these examples to an example of 
this invention, and according to the meaning of this invention, various deformation is possible for 
a number of layers, a configuration, etc. of the pole of a motor, or a permanent magnet and it 
does not except these for them from this invention. 
[0045] 

[Effect of the Invention] According to invention according to claim 1, cogging torque is reduced 
and a permanent magnet motor with little oscillating noise can be offered so that clearly from 
the above-mentioned explanation. . 

[0046] Since according to invention according to claim 2 large permanent magnet surface area 
can be taken and magnetic flux concentrates on the magnetic pole core on the front face of 
Rota, higher torque is acquired and an efficient permanent magnet motor can be offered. 
[0047] Since according to invention according to claim 3 the large surface area of the permanent 
magnet located in the Rota periphery side is taken and magnetic flux concentrates on the 
magnetic pole core on the front face of Rota, higher torque is acquired and an efficient 
permanent magnet motor can be offered. 

[0048] According to invention according to claim 4, a high increase in power is possible, and a 
degree of freedom is made to the configuration of the punching hole for permanent magnets, and 
the width of face of selection of the value of theta according to claim 1 spreads. 
[0049] Since according to invention according to claim 5 torque pulsation is equalized and 
cogging torque is reduced, a permanent magnet motor with little oscillating noise can be offered. 
[0050] According to invention according to claim 6, higher torque is acquired and an efficient 
permanent magnet motor can be offered. 

[0051] According to invention according to claim 7, a high increase in power is possible, and a 
degree of freedom is made to the configuration of the punching hole for permanent magnets, and 
the width of face of selection of the value of delta according to claim 5 spreads. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the permanent magnet motor in one example of this 
invention 

[Drawing 2] The partial expanded sectional view when carrying out minute include-angle rotation 
of Rota of a permanent magnet motor 

[Drawing 3] The cogging torque wave form chart of the cogging torque wave of a permanent 
magnet motor, and the conventional permanent magnet motor 

[Drawing 4] The sectional view showing the permanent magnet motor in other examples of this 
invention 

[Drawing 5] The sectional view showing the permanent magnet motor in the example of further 
others of this invention 

[Drawing 6] The sectional view showing the permanent magnet motor in the example of further 
others of this invention 

[Drawing 7] The partial expanded sectional view showing the permanent magnet motor in the 
example of further others of this invention 

[Drawing 8] The cogging torque wave form chart of the cogging torque wave of a permanent 
magnet motor, and the conventional permanent magnet motor 

[Drawing 9] The sectional view showing the conventional permanent magnet motor 

[Drawing 10] The decomposition perspective view showing the conventional permanent magnet 

motor 

[Drawing 1 1] The partial expanded sectional view when carrying out minute include-angle 
rotation of Rota of the conventional permanent magnet motor 
[Description of Notations] 
1 Rota 

3 Four Punching hole for permanent magnets 
5 Six Permanent magnet 
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1 

(C*5t,>T. *S@*S2HiL. -e-©Jl£ffe©JI©7l<XB£ 

fi=360/Nsx (n+i/Nm) 
0<9<3 60/(2P) 

(tctcL. N s «^f--d?^P v htit > Nmtt-I*fc 10 
0©7l<XSS5CD@^, PttfiKSt i«lA>6Nm-l$ 

*. 

mmis ] is»fB©7me54wrs7kxiS5*-^ 

tctet^r. 7j<^S* 5 a-i?i^g)5«:— ®$>rcO^S^[6] 
tcnjiJy±«:»«ls*irE«sti. <fc£ffi£Sm 
<hU *©@£ffe©«©7*X$5ffltt%&S^©a--£ 

aMKsu/cgp^©nj— ©fflij*j, tBa©@r^-c. 

5= 3 6 0/N s x ( n + j /P) 

360 (k/Ns-l/P) <5<3 60 (k/N s + 

1/P) 30 

l*>6P-l*t?®8ft. k« j {CTPfL/T 1 (*1 «c*tj£ 

©gtsrc**. ) -r«3E3tifcftflc*«wrtifctiaitc 

[HW8B7 ] *^S85*«*iJBIfil5'C*4lll*3B5IBil 

[A9lomvScMn] 40 
[0 00 1 ] 

a. 

[0 002 ] 

[«e*©tsffi] 4>& < <t 6antfl<!»k&tts 
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SSfc^ri^SfcE*-- 09-1 ltt. 
«#6* J ^Wb/c7l<Xfiai5*-^-C*ao P-*3T1 

oiB. ttttdr©ieaa»». <*rn*i 
c©n-£=>r 1 0 1 tcte. 7l<^fia5fflfr%«tf ^ 1 0 

2*sJ:0'l 0 3 *ti^pn7Wk«El 0 4fc<fcO' 

1 0 5*1— «*fc»j*s*ifincrfli«±fl>ii3nraK 

3tl-CC»4. COi^ttO-* 1 0 6tt. TkXfiBei 0 
4*J«fcO'l 0 b*®.WLV1cU-~%ziT 1 0 1 pflijCC 
iStgl 0 7 U-^-v hf> 1 08&£ 

-C(Sf#l/-C^-2) 0 1 0 9tt. 3-91 10i, 

C©3-* 1 1 0tCfi!J#S*ifc«tt©?- -X 1 1 1 £ 
f^-Xl 1 HHHC*&xa 7 h 1 1 2CC«^ 
ISU 1 3*J«63*rCt>S. Sffill 1 3tcttX-< * 7-088 

fci'tcto wtaisn/c^^ssti. ^f-$ 1 0 91*335 

4C@lsfi8!?£2i4.;*t!\ Cti^cfc^-Cta-^ 1 0 6#|5| 
ffi&mc£*)is + y h 1 1 4*4>'C»Ccll(6-r*. 
[0 00 3] 7k4ja&6«— fi*fc0-HW±»5fc». 
Tk^eS 1 0 4 fc-iO" 1 0 5©lffl©SaBgP a 1 . *4J» 
51 0 5©P-^^iilii|©a-$3rS|5©SS8SP a 2& 
£*©SK8g#r £ €>. C©8&8§#£>6fcfi?>. *«©&*!£ 

«S»(4fl?:«mft'C4 5 - Mib&tWcktteZrcib. 

4 5- ©»■?**;£ se-o-c. A^is^ah, 

[0 0 0 4] */c. a-.*3TrtSB{C7lcXfiBE5*aH:-r 
Steab. »5«Ud»Jt«*»^Br*»5. »5tRIKI*jI:* 
rt»KI64-r 5«W5««: J: 4«*3&»«c < . n - * 1 0 6 
i o 9©^©«WJxr+> y7'?r/lN$<r 
t & & £- tc <fc «5 . — js ©i»s»*{ taws n s , 

[0 00 5] 

[0 00 6] *^»5©BB«: <fc -»"C». fiSSSP a 1 is 
£VP&2fiK Xf-ff -r-Xi©{4SB9^fcJ:-or 

s^n. sa**isEticc< < j&s. */c. -?-n^n©@i§) 

i. fiB^*ijjSti{c< t>i**i-c*S. il IK, 
Z'&'^ft S@4E 3 <!:#©, 7kXG8Sl 0 5iXf- 
*109Of^-Xl 1 1 ©&gKK&£^-r„ C©(4H 

i"©@fc|31— -C$>3©-C\ — e^/cWStCTr; 
•T. (a)-»(b)-»(c)-»(d) i. 3. 7 5" f 

-pSB$it*r*]«:iHliEL. WCf (a) <Dti.&mm<<cmz. 

cntCctO, 1 5' SKa^^SfS. TkXiSS 
1 0 4«M*>6tHfclS*«. -SPSaSSPa 1 fciloT-f- 
©S$X^- ^f-^ -XtC^O. 3S«3«7lc^fiBPBl 0 5 
*a0. xf-*f^ -xtc^S. n-$*t@*sl7-C^ 



3 

/cto, MI51 0 4, 1 0 5C0P-^^i§lffliJ(D[iI^ 
f^lfJjfifflUcDffil 0 4afeJ:^l OSaif^X] 1 1 

[0 0 0 7 ] !29<D*llc3\ 0=15' Xf-^ 

1 0 9©f ^X 1 1 ICOriPicb— ^T€>o 

[0 0 0 8] ^HCC7l<^ffiS^iBgU/c7^e 

[0 0 0 9 ] 

^nomc^x, bzmzmmtL, 

—(DUMP, ^tx^ti 

0 = 36O/Nsx (n+i/Nm) 20 
O<0<36O/(2P) 

©*^»5<DJB». P ittl^Nm-lit 

w r n/cfigcc o /c 4> CD r * & . 

[0010] 

0 = 36O/Nsx (n+i/Nm) 
0<<9<3 6 0/ (2 P) 

9(D*^«5<DHSt P«ffi»L i ttl*»&Nm- 1 * 
TOffltt n»fiEfiE©S8»i!:-rS. ) T&S3ft> 3ft 

[0 0 1 l ] ±RflteStc<fcD, S«cctoi^r, *AJB£ 
fflJT * 8* # 7\[<D P - # gtffl CC ffi 1/ fcgfcrXD [h] — <£> fflij <h , 40 
* 7 s * - 2 T A - X t <DK%1fi* tl^tKOM CC <£ o TP & 

sfc*, 2@ cc^gysn/c 

7^X185*- ^cc*ji*r», xf-^f^ -xicDM^ 

[0012] *fc*^^ttrt««ccirft4na»tt<!: 

^p-^ *ffl©M«*<i>8Wc * cfc 9 cc L 

[0013] */c*n^ft©e«:*$i»"C, p-^^wj 
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***&«E©PW«IM>J: OP- *rtJB«Kc*S «t 9 CC 

[0014] ttc7kxms^±mmst lxi® 

[0015]$ 6fcSl>tt < £ fcttftfl^^WE*** 
S*A»5*-*K:fcl>t:, 7^ffi5^P^^F fc 3§PCC- 

©ware. 

5= 3 6 0/N s x <n + j /P) 

360 (k/Ns- 1/P> <5<360 (k/Ns+ 

l/P) 

i^6P- k»j Jc»t/t:i# 1 «c»J6 
[0016] ±IB«SECCJ:«9, SUCCfcOT, **JB5 

mn %\k * t^o p - * affile® l /c^cDisj-coffli] <t v 

-*&©KHJR**«9 0' -To-rtir4iiOffi5E-r 
[0017] 

[0018] (^ssw i ) *ww©— J»Wcwr . 
[ooi9]aifcfcw, p-^i(Dp-^^r2 

r^^n-^37V- h*»Jib/tfc<Da>6&£o P- 
*PT2K«, 7^a5ffltT^^^/A3*5cfcD f 4^$> 

7lc^®S 5 fcJ: 6 *«— ffifc/c 0 *S*|fij«:r««±^ 

l> 4 6 4ISUca-^37 2(DMffliJCc^ (H^f) 

Itl^o Xf-^71^ 3-^8iC<D3-^8CCf^ 

5xp5i h i occ«, #«ai irt**3ftn»s. «»i 
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[0020] ^ffi85«-ffi*/cor:B«±*s tc&>, 
- * wmmov - * a Tfiwmffi p a 2 & <b* ©ikbs^-c 

<fc*K 7)c^»5icJ:4 'J^**>*h 
;l/^4*>3pJfflr*S. y^**>x h;U*tt«asfltfH4 
5* jtfeS m&HWt % 0- <t4 

[0021] se>*c, §»cfci>r, 7*#J£b©p-* 

^®^C®L/cgp^<D|5j— (DfW5 a, 6 a CDfyjCDftg<9 
tt, Ns = 24, n=l, i = l, Nra-2ilT0 = 
3 6 0/N s x ( n + i /Nm) CCfcTtta&TffWOfc 
JSm. 2 2. 5' ittS. 

[0 02 2] H2tc, P-**»'NaiK3tffc<fc#<E>, 
;1cX«S5fcJ:0'6if*^X9a 1 9b, 9ciOfi[ 
SBII»*^"r. (a) (Cfcl^rtt, 7*4JK5 5«:, 7 a 

9 a iSHStflfiJ-rSfltBCCiyfiE-r S. ( b ) CCfclvr 

56t^^-X9a<hCD{igK^i«{4tB&C^)0, K9I 

i>rtt, (a) ©ft«£!aj«r*o* (d)CCtel>T 

(b) <D&wtmm-e&z> 0 ee^r, se*(D7Wv« 

5*-* Kit'*. HRte6««d>L/, 3*>yhWB 
J^l/20CteM5n/c o H3« % St*p a pCDn^>yh^ 
* ct W«OS««:*5 W * 7*^885* - £ CO ^ ¥ > 

[0 0 2 3 ]ftfe, P = 4, Ns=24 v Nm=2©i 
#cD0CD£9 5£fiI£ (il) KItST. B850/»*a<ST 
***U <* 1 ) ©**6*tfLb4 0 9 £ffi§c<DfiI£ 
WBWfT6r&£ 0 [5J«CCP = 4, Ns = 24, Nm- 3 

(Si 2) IrCjJkLtc. ^Jf^Cfc 

<»2) <DS?f©ff*©«i*a»?^ti«j: 

l». raS&CL/T, P=2, Ns=12, Nm=3CD<t£ 
<£><9CD<b9 (S3) CC. P=6, N s - 1 8, 

Nm- 4<DtZ<D6<Dt*) 5£{B£ («4 ) tC^To 

[0 0 24] 

[SI] 

P=4 Ns = 24 N« = 2 

| i = l | 7.5 | 22.5 | 37.5 | 

[0 02 5] 
[^2] 



P = 4 Ns = 24 N« = 3 



i = l 


5 


20 


35 


i=2 


10 


25 


40 



[0 02 6] 
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im3] 



P=2 Ns = 12 Nb = 3 



i=l 


10 


40 


70 


i = 2 


20 


50 


80 



[0 02 7] 
[*4] 

P=6 Ns = 18 Nm = 2 



i=l 


5 


25 


i = 2 


10 


30 


i-3 


15 


35 
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[0028] ($mm2) *9tmomcmmmi:a^^ 

[0 02 9] H4fC7nr«fll©f^ffltt»»« 1 &H?l*r 
%}S#/^2 3*JctV2 4©— »fc*AW52 5*$J:tf2 

lit:, 7lc^lS5<DP-^*StCBaL//cSP^<Dp|— <DfflJ2 
5a, 2 6a0HOM0tt, Ns = 24, n=K i 
20 =1, Nm = 2 ilt 0 = 3 6 0/N s x (n+i/N 
m) CC*rBa&rH"#l/ft:*t*. 22. 5* 

[0030] #mswccfet^r 7ic^»Ettni»»« 
^»5«n%a»^o»KK:aSflE*«'r#. l IB 

[0 0 3 1 ] *»W<0te©*«W*H5£ 

30 fflc»r«»w-4. 

[0 0 3 2 ] H5«:*5l»rflUsR©ffiffl«l96«l 4BI« 

®cfc^r, p-*j^H«*ctt«-rs7ic^»E6<oRa 

tp-friW, P - * rtHflWtefMW StHX^H 5 <DRSI*'l> 
J:"5P-^rtJaWJK:*S 0 C^Ccfc^ P-d?j^HffKc 

en-So £/t v P-^^ffl»!<D7lc^54 2 
40 RfiBCcy^^ hb'^ffl/^l 2*UW*Ci36sr*S. 

[0033] (rnmm*) xmrnvmommmzms^ 
[0034] mmtmmm 1 ti3«r*s<or«w-r 

^« *^>©^:S*<!:L, ffe<Offi©P - d?j^JSWJ 

tC(aarS7^B5E6 A. SB, 6C. 6DCD, P-^ 
«ffitCfflL/cSB^©|3J— <OWI6 A' , 6B* , 6C , 
6D' tS2CD@Pair, 
50 S= 3 6 0/Nsx (n+j/P) 



36 0 (k/Ns - 1/P) <S<360 (k/Ns + 
1/P) 

[0 03 5] tctcL, NsBXf-J^Pvhft, PB 
j Blrt»6P- 1 Sr©SS», k«jCcJ*l>Tl 
» i KStJtur i *>6P- i *T©noraHRS*is» 

[0 0 3 6 ] #||J&Wcte^T, ^ 36 0/NsX 
(n + j /P) K*TB»rtl*Lfcli»B«T©i*J 

[0 03 7] ^1 = 15X (5 + 2/4) =82. 5 
$2 = 1 5 x ( 1 1 + 3/4) = 1 7 6. 25 
«53= 1 5 X ( 1 7+ 1/4) = 25 8. 7 5 

ttte, j /po j cDJiBStcoi^rB, ffilt^)^ 0 

[0 03 8] @7(C, *Sa-*<DffifiK:teW£ t ^ft 
^ncoffico a - $ ^jgffliJtc{4B*r £7*Aft£S<D a - * m 

mcmotc^ft<DiiLxm*m'? 0 ( a ) ^jkmes d 

ir^ -X9 d <t(D{aaW«fc*7nLrtr>£. (b) B7* 

(c) B7lc^fi856C<bf*-<-^9 c a<DiiLSm%^:7jk 
Utl^o (d) B7lcXS856 Aif^^9ai©il 

P=4 Ns = 24 
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p-##3. 75* @(Ers<t, ^ti^nco 
7n"r*n<ki5i«ccttSo ee^t:, 3. 75* mem— <o 

10 [0 03 9] frte\ *l8W«cc*5(r»r, a-**WBflWoc 

^cdpj— owjoftstcooras U/c#, p - * rtJ3flPJ 
Cctta-r47)c^»5ffllTfeJS*^C<:oi>-cfc, BflUcK 

[0 04 0] ttte, P = 4, N s = 2 4CD £$<DAS = 
5- 3 6 0 k/P<D<b 0 5£<B£ (*5) CCt^To /c/c 
U k©fiIBj ©fflCc^jCL-T 1*^6P- 1 Sroffl* 

flrc*£. hwkcut, p = 2, n s = 1 2o<t£<7)$ 

(DtV (S6)CC, P = 6, Ns = 18©<!:^ 

[0 04 1] 
[*5] 



J-l 


3. 75 


18. 75 


33. 75 


48. 75 


63. 75 


78. 75 


3=2 


7.5 


22.5 


37.5 


52.5 


67,5 


82.5 


i = 3 


11. 25 


26. 25 


41.25 


56. 25 


71.25 


86. 25 



[0 04 2 ] 
P^2 

□HI 

[0 04 3 ] 
[«7] 

P=6 



Ns = 12 



j 15 1 45 1 75 1 



Ns-18 



j=l 


3. 33 


23, 33 


43. 33 


j = 2 


6. 67 


26. 67 


46.67 


j = 3 


10 


30 


50 


j=4 


13. 33 


33, 33 


53. 33 


f = 5 


16. 67 


36. 67 


56. 67 



[0 04 5] 

[RIB©**] ±IB^^ 6«6*»ttJ:5K:. 



30 [0 04 6] f«#«2 §e*K©fiWCj;ft«. *&8R5« 

[0 04 7 ] ff^3feiS©?£WC«}:ft«:. d-^n^ 
ffliJ{c{4g-T •57kXS85©*®» ; &^* <i0, a - z$k 

[0048] t»*^4fe*s©^(cj:n«. mmtrtw 

[0 04 9 ] ff#^5ie»g©^{cj:ti(*. VJlfMW) 

Mm <D'PU I »7)C*J» 5* - ^litscimi.. 
[0 05 0 ] fSJRll 6 ie*R©^(c«fcn«. J: 0 h 

[0 05 1 ] l»«3B7Ktt©l6M«:J:ti«. WtiWrtfc** 
oJffi-C4.0. */c. 7k^fi8S/WJT^fe#/T:©J&WK:iS 
S*i-C^. if*^5iBt8©5 , ©ffl©af?©*i* J J2:**5. 

[0®©fS#^ISiBJ] 

50 [mi] ##sBfl©— ntfiwcfcwsTk^as*-**^ 
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■rmmm 

[0 3] tX^BBS*- Z(D='*'> f h**iS»4fl£*© 
7mffiE * - * © a ^ > ^ h Jl> i> i©£0 
[04] *^CDffi(D3l)5iWc*}WS7k^5*-^* 

[05 ] ^H^<D3 6(Cfte<D^SfiWC*jWS7)<^SaS* 

- * ^tjvt ikes 

[06 ] xzmoz hicm<onifcw<ic*stt zm&we* 
[07] *i%b^©3 ^fcfficoiiifewcfcw^Tk^aas* 



[0i ] 
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[09] ^©TkrXfiaS*-* £7n-riftffi0 

[010] fle^o^saB^-fftm-r^wmia 
[0ii] ee*(D7i<^s*-^©p-^*^j^si5) 

i p-* 

io 3, 4 **JfcEJlJ7%lS**; 
5. 6 MiKj&S 



[02] 




[04] 

[03] 




» 
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(72)^^ m^- w> 



